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SPECIFCATION 

Operation Device, Operation Device De s i gni ng Me thod and Logic Circuit 
Designing Method 

5 

Technical Field 

This invention relates to operation technology, and more 
particularly to an encoding based operation principle achieving speed 
10 up, low power consumption and the like of operation LSI 1 s and similar 
circuits, a method of designing encoding therefore, and an operation 
devi ce . 

Background Art 

15 

Operation LSI ' s are recently used in a very broad range of 
fields such as image compression/decompression, computer graphics, 
image recognition, speech recognition. For example, image 
compression/decompression of the MPEG2 or MPEG4 type needs a great 
20 number of operations and a processing unit holds a main part of the 
LSI . 

Beside the image processing, there is increasing demand in 
scale of arithmetic operation of a computer, and an unlimited need 
25 for speedup still remains. Because on/off switching of 

transistors frequently occurs within a operating device, power 
consumption is also a very serious problem. 
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To meet such needs, some approaches of improvement in fine 
fabrication technology and device properties have advanced. In 
addition to such device technology oriented approaches, other 
approaches still exist. 

5 

Among approaches directed to a processing device itself, 
the inventor proposed "Fast Operation Method" as a method of 
improving the performance such as speed up thereof using a purely 
logical approach ( I nter national Publication 9 1 / 1 0 1 8 6 , or Japanese 
10 Laid Open Patent Application H03-201114, which is hereinafter 
referred as to the related patent document.) 



That proposal is outlined below using the same notation as 
in the related document. 

15 

P binary operations A : Q X CI — > Q (p = 1,2,- • •,?) and Q unary 
operations B q : CI — > CI (q — l,2,---,0) are defined. Consider a finite 
set closing with those operations, Q. The combination of Q, A p , B q 
is referred to as an old operation s y s t em (Q, A p y B q ) . Instead of 

20 performing the operations A pl B q of the old operation system, data 
on the set Q is converted to data inasetdefinedas | O! |^| | ( | fi' |,| CI | 
are element numbers or cardinal numbers of Q',f2 respectively) by 
an encoder O : Q — > O! , and then operations A p \ Cl'xCl'^Cl' and 
B q : Q' —> Q' defied on CI' corresponding to the operations^, B q 

25 are performed, the operation output obtained as data on Q' is 
converted by a decoder : Cl' CI , to obtain the corresponding 
result on Q, which is intended to obtain. Hereinafter, the 
combination of Q', A p , B qJ O, is referred to as a new operation system 
In this operation principle, by imposing the following four 
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expressions (1) , (2) , (3) and (4) among the old and new operation 
systems, encoding conditions are satisfied, which make it sure 
that an operation result with the old system and a operation result 
with the new system coincide with to each other. 

5 

$(I)£[I]cfi' (for VleO) (1) 
TP]) = I e n' (for VXefi) (2) 

Z = A (X,Y)o[Z]=>A'J[X],[Y]) (for VX,Y,ZeCl, every p) (3) 

p r 

F^ 9 (I)o[7]D^P])(for VX,7eQ, every q) (4) 

10 

Note that [X] is a subset on fi' corresponding to any element X on 
Q. A family of sets {[^])x g q is referred to as codes, and C— 

is a universal set of the codes , and N c =fl' — C isasetof non-codes. 

15 From (1) and (2) 

[X ] ^ cp ( 9 : empty set) (5) 
X *Y o[X]r^[Y] = v (6) 
are satisfied. 

20 It is the related document that proposed to determine the 

designs of the encoder, decoder and new operation unit by using 
a computer so as to meet the encoding conditions (1) to (4) and 
to simplify the new operation unit, and then achieve the speedup 
and other efficiencies . 

25 

That proposal was aimed not only to the four operations that 
is addition, subtraction, multiplication, division, but also to 



4 



general operations and mapping broadly, but it has the following 
six types of problems. 

i) Because the sets of data in the old operation system and the 
5 new operation system are conventional finite sets Q, Q' , the 
mappings representing the operators,- encoder and decoder are 
conventional mappings, and then their relation with logic 
expressions are not clear. 

10 ii) Because the old operation system is intended for an operation 
system closing with Q, general operations can not be applied to. 

iii) Because the relational expressions of the encoding is 
expressed by the general mappings and sets, what the satisfaction 

15 of the relation logically means is not comprehensible, and then 
it is some times difficult to derive the actual logical expressions 
which meet the relational expression. 

iv) It failed in formulating the conditions of simplified 
20 circuitry. 

v) Examples of encoding are disclosed only for non- redundant codes . 

vi) It failed in concrete implementation of system configurations 
25 as encoding operation systems. 

Disclosure of the Invention 



In view of the foregoing, it is an object of the invention 
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to resolve the problems of the prior art of the related document, 
and is in particular to enable concrete logic designs with r-value 
logic by extending a given operation if required to express the 
multiple inputs and multiple outputs of all of the operators, 
5 encoder, and decoder of the old and new operation systems using 
the r-value expression; to enable efficient logic designs of the 
new operation system which meets encoding conditions by using new 
expression for Boolean logic expression; and to enable an encoding 
operation device which can be implemented with an LSI by providing 
10 circuit designs based on a encoding operation method which reduces 
the circuit scale and operation delay time . 



Various aspects of the invention attaining the above object 
are described in the attached claims. 

15 

Those aspects of the invention are described below. 



(1) First aspect of the invention 



20 According the first aspect of the invention, to resolve the 

problems i) and ii) of the related document, operators (or an 
operator) of a given operation system (herein after referred to 
as an original operation system) , are, if required, extended to 
mappings of an r-value logic type to form operators of an old 

25 operation system closing with operations; all of the encoder, 
decoder and operators of a new operation system are treated as 
mappings of an r-value logic type; and the new operation system 
with the r-value logic is 1 og i c -de s igned such that the encoding 
conditions described in the related document, encoding conditions 
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having expressed in an equation form by characteristic logic 
functions, or a condition that the input/output topologies of the 
operators of the original operation system and the new operation 
system are same as each other is satisfied. 

5 

(2) Second aspect of the invention 

According to the second aspect of the invention, the 
characteristic functions of sets are treated as binary logic 
10 functions, and a newly invented generating function is introduced, 
which is a expression method for mappings, to process the 
relationship among characteristic functions, composition of 
mappings, and the 1 i ke e f f ic ie nt ly and compr ehe ns ib 1 y , and further 
various relation expression are derived to design logic circuits. 

15 

(3) Third aspect of the invention 

According to the third aspect of the invention, the 
simplicity of a logic function is treated as an expression of 
20 variable dependency to design logic circuits having a simplified 
configuration. 

The second and third aspects of the invention can be applied 
in combination. 

25 

(4) Fourth aspect of the invention 



According to the fourth aspect of the invention, to resolve 
the problem iii) of the related document, all of the operators 
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of the old operation system and the encoder, decoder and operator 
of the new operation system are treated as binary logic functions, 
and they are expressed by the generating functions , and the encoding 
conditions expressed by the generating functions are derived to 
5 enable logic design of the new operation system comprehensibly 
and efficiently. 

(5) Fifth aspect of the invention 

10 According to the fifth aspect of the invention, to resolve 

the problem iv) of the related document, conditions for simplifying 
the new operation system is provided in an equation form, and they 
are used together with the encoding conditions of the second aspect 
of the invention to enable the logic design of the new operation 

15 system satisfying the conditions for the simplification. 

(6) Sixth aspect of the invention 

According to the sixth aspect of the invention, to resolve 
20 the both of the problems iii) and iv) of the related document, 
an encoder is limited to an isomorphic mapping, subject to the 
second to fourth aspects of the invention, to enable logic design 
of the new operation system satisfying the encoding conditions 
and simplification conditions. 

25 

The technique according to the second aspect of the invention 
is not limited to the encoding operation method, and broadly applied 
to logic design and logic analysis. 
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Exemplified configurations for resolving the problem v) of 
the related document is shown in the embodiments designed in the 
basis of the encoding operation method and design method in 
accordance to the various aspects . 

5 

[ notation] 

The invention is described in details below. For 
preparation, we use the following notation. 

10 

Let B r be an r-value set; B r " (a direct product of n units 
of B r ) be a set of number representations having the base number 
r and word length n . For two-value, B is used where B 2 =i? = {0.1} . 
An element of B r is a scalar, and is written by lower letters 
15 X,y, m " such as x,y y --GB r . An element of B" is a vector having n 
components, is denoted by upper letters such as X 7 Y, • • • G B r " . (For 
example, X = (x x ,X 2> - • ■,*„) ) - 

Let n-variable logic function to be a scalar function. It 
20 is written by f (X) = f {x x , X 2 , • • X n ) with the lower letter/. It is 
also considered as a mapping such as f : B r " —> B r , and the same symbol 
i s used . 

When m units of n-variable r-value logic functions 
25 f j (X)(j = l J 2 y '" y m) are treated collectively as a vector function, 
the vector function is denoted by a upper letter such as F for 
F(X) = (f l (X),f 2 (X\~-,f m (X)). The vector function is considered as 
a mapping such as F : B r " — » B™ . The same notation is used. 



9 

For two-value, the negation of a variable ( or constant) 

is written by " X " , the logical product ( and ) of two variables 
( or constant) X,y is written by "X-y" or " xy " , the logical sum 

( or ) of X y y is written by "X^jy", the logical product of n 
5 variables (constants) JC.(/ = 1,2,- • •,«) is written by Qx. , and the 

i 

logical sum is written by \ < Jx i . Without the range of i specified, 

i 

a product or a sum for all . 

Likewise, for example, if X G B" , then P)/(^0 means a 

x 

10 product for all of B n . A sum is the same. 

The sum (exor) of the Boolean rings of two variables (or 
constants) X^y is written by x + y , the range of the sum being the 
same as described above. 

15 

Let X a be what satisfies X a - X at a -\ and X Q - X at a~0. 
It is written by X a = xa xa . Then, for X,A^B" , 

n n 

X A ^f^X^ 1 =f^(x i a i ^JX i is defined. The miniterm composed of n 

i=i i=\ 

variables X x ,X 2 ,- ••, X n is written by X A ( X 7 AgB" ) . For n = 3, if 
20 ^1=(0,1,0), then X A = X } • X 2 • X 3 . You can correspond X A (1 X, • X 2 • X 3 to 
the numbers A = 0,1,- --,7 , and then the miniterm is written briefly. 



With X A , the disjunctive normal form of Boolean function 



10 



f(X) is written by f(X) = (J f(A) ■ X A . 

A 

Boolean derivation of 2-value logic function f(X) with a variable 
X. is the sum of Boolean rings of equations of f(X) with 0,1 
inserted as X i , and expressed by the following equations. 

df(X) 



cfx, 



When ( MS^1 - 0 f the function f(X) is independent with the variable 
dx 4 



We have generally the following equation. 
a, =0^(Ja,=0, /W = 0o[J/W = 0 

I A' 

10 We also use , O for the union and intersection of sets as 
conventionally because there would be no confusion. 

[Configuration of the Invention] 

15 The invention is described in details below. 

[First aspect of the Invention] 

The first aspect of the invention corresponds to the 
20 inventions of Claim 1 to 4. 



The invention is not limited to a finite set Q on which a 
closed operation system is defined as described in the related 
document. It can be applied to the case in which the set of input 
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data of an operation Q JW is not equal to the set of output space 
of the operation Clout , Cl jn Qotlt . 

In particular, let Q unary operations be 
5 G q : Q G g?n — > Cl Qq OUt (q — 1,2,-*',Q, ) , P binary operations be 

F^: €l FP inxQ. FP in — > Cl FP out (p - 1,2,---,P) , and S T-nary operations be 

Q uJ /wxn ./wx-xQJw — » CI ^ out ( 5 = 1,2,---, 5 ) - Let define an 
encoding operation method for an operation system ( original 
operation system) in which one or plural (Q+P+S>=1) operations 

10 aredefined. We consider a set B" of number representations having 
the base number r and the word length n which satisfies 

max{| £l Gq in |,| £l pP in |,| Q> H Jn \ y \Cl Qq out |,| £l p ,out |,| Cl HM out |} < r M for the 
maximum number among the cardinal numbers 

| Q G ,/w| , | &. F ,in | , | Cl H jn \ , \ & aq out | , | CI F , out \ , \ Cl HS out \ . . . of the finite 
15 sets Cl Gq in , Cl FP in r Cl H Jn of the respective input spaces, and the 
finite sets CI ^ out , Cl pP Otit r Cl HS OUt ... of the respective output 
spaces . We consider the set B r " as the set of old representation 
data of the old operation system, and, unless | CHn |= r" where | QJ n \ 
is the cardinal number of a data set of the input space of each 
20 operation (original operation) of the original operation system, 
Oin ( arbitrary one of Cl Qq in , Cl FP in , CI Jn) , add relationships 
corresponding to r n — \C1\ unfixed elements to the corresponding 
original operation so that all of the original operations are 

extended as operations on B" . 

25 

When the original operation system includes Q unary 
operations, they are extended to and treated as G q o'- B " — > B " 
(q = 1,2,- --,0) - When it includes P binary operations, they are extended 
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to and treated as F p 0 : B r " x B" — > B" (p = 1,2, — , P) . Also, when it 

includes S T-nary operations, they are extended to and treated 
as H s ol B r " xB r " x-XjS; -*B" (T direct products of B r " , S = 1,2,—,S ) . 
Hereinafter, B r " , G q o , F p o , H s o are referred to as the old 
5 operation system collectively. 

We further consider data on a set B™ ( m > n ) as new 
representation data. An encoder is an injective mapping 

O : B r " — > B r ™ ; a decoder is a sur jection mapping : B™ — > B r " ; the 
10 operator of the new operation system corresponding to G q o is a 
unary operation G q n'. B™ — > B™ ; the operator of the new operation 
system corresponding to Y p o is a binary operation 

¥ p at! B r m x B r m —> B r m ; and the operator of the new operation system 

corresponding to H s o is a T-nary operation 
15 H s n: B r m X B r m x-~xB r m — > B r m . Thus, all the operations of the old 

operation system and all the operations , the encoder and the decoder 

of the new operation system can be related to r-value functions 
(r-value logic circuits) having plural inputs and plural outputs. 

By imposing following encoding conditions corresponding to the 
20 related document, the new operation system can be designed as 

particular r-value logic functions (logic circuits) . The 

encoding conditions mean the same as described in the related 

document . 

(l) ®(X)e[X]<=B r m (for VXeB") 
25 ( 2 ) *¥([X]) = X ( for VX e B r n ) 

(3) Y = G q o(X)o[Y]z>G q N ([X]) (for VX,YeB r n , Vq) 

(4) Z = F'o(^.y) o [Z] d F^([Jf],[K]) ( for VX,Y 9 ZeB r ", Vp) 
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(5) Y = H s o(X, y - y X T )o[Y]^H s „([X l l.~,[X T ]) 
(for VX X ,-",X T ,Y GB r ", Vs) 

; Here, [X] is a subset on B™ cor re sponding to on an arbitrary 
5 X on B r n ; a family of sets is called a code like in the 

related document; C— [^)[X] is a universal set of the codes; 

andN c =B r m —C is a set of non-codes. Fig. 1 is a conceptual 
illustration of the encoding of the present invention, wherein 
an element X of the old representation data set B r " is converted 

10 to data ^>(X) on the ne w r epr e s e nta t ion da t a s e t B™ by the encoder, 
and the code [X] corresponding to the old representation data 
X is converted to X by the decoder ¥ : B™ -> B™ O : B* -» B" . Fig . 
2 is a conceptual illustration of the extension from the original 
operation system to the old operation system , wherein the 

15 representation space of input/output data of the original 

operation system is extended onto B" when that space does not 
coincide with the B" . In particular, one unary operation G of 
the original operation system is extended onto the old operation 
G Q of the old operation system. 



20 



25 



Fig. 3 is a flow chart illustrating how to determine the new 
operation, wherein the original operation system is extended onto 
the old operation system, and thereafter the new operation system 
is determined therefrom. The flow of Fig . 3 is as follows: 

[Step SI]: A code is generated. 
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[Step S2]: The encoding conditions (1) and (2) are checked. If 
the encoding conditions (1) and (2) are not satisfied, the process 
is returned to the step SI, and continues. If the encoding conditions 
(1) and (2) are satisfied, then the process advances to the step 
5 S3 . 

[Step S3] : New operators are generated. 

[Step S4]: The encoding conditions (3) and (4) are checked. If 
the encoding conditions (3) and (4) are not satisfied, the process 
isreturnedtothestepS3, andcontinues. If the encoding conditions 
10 (3) and (4) are satisfied, then the process advances to the step 
S5 . 

[Step S5] : The new operation system is evaluated. 
[Step S6] : The simplification of the new operators is checked. 
If the simplification is enough, then the process is terminated. 
15 If it is not enough, then the process advances to the step S7. 
[Step S7] : Whether or not all the new operators within the codes 
were generated is checked.. If one or more remain not generated, 
the process returns to the step S3, and otherwise returns to the 
step SI and continues. 

20 

The particular example of the process illustrated in Fig . 3 
is described with reference to the embodiments later. 

It should be understood that some other determination flows 
25 can be adopted as described with the embodiments later. 

The code and the new operators are determined by the 
determination flow illustrated above, and a operation device is 
configured with them as shown in Fig. 4. In Fig. 4, an operation 



15 

device 100 comprising an operation unit 101, an encoder 102, a 
decoder 103, and a transmission path 104. The operation unit 101 
is implemented with the configuration of the above mentioned new 
operators. The encoder 102 and the decoder 103 are implemented 
5 so to provide encoding and decoding of the code. The transmission 
path 104 performs data transmission between the operation unit 
101 and the encoder 102 and data transmission between the operation 
unit 101 and the decoder 103 and the like, which can be composed 
of the internal bus, external bus of an LSI, communication lines 
10 and the like. 

The above mentioned ¥ p o corresponds to what is resulted 
from the extension of A p of the related document, and the above 

mentioned G q o corresponds to what is resulted from the extension 
15 of B q of the related document. Hereinafter, 

B r m , G q N , F p n , H s n , are collectively referred to as a new 

operation sytem. 

If the new representation data set Q.' described in the 
20 related document would remain not in the form of B™ but in a general 
set form, the new operation system would need to be processed in 
a general mapping form as in the related document. According to 
the present invention, the new representation data set is 

restricted to the form of B™ so that the operators of the old 
25 operation system and all of the new operation system are related 
to r-value logical circuits. Thus, the new operation system can 
be determined as mappings having an r-value logic expression by 
search using a computer and the like method- 
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Generally, there are a tremendous number of new operation 
systems. One new operation system obtained by the search and the 
like is evaluated, and when it does not meet the evaluation, another 
is generated by the search for the evaluation. The generation 
5 and evaluation are repeated to determine the new operation system 
achieving the object. Since the finally obtained new operation 
s ys tern cor r e sponds to the r-value logic circuits, the r-value logic 
circuit can be designed by conventional logic designs. 

10 The r-value logic where in r-value is not 2 - value is described 

in details for example in "Multiple Value Information Processing: 
Post Binary electronics", Shokosha, HIGUCHI Tatsuo, KAMEYAMA 
Mitsuta ka . 

15 By the way, the conditions (1) to (5) are set- theor e ti c 

expressions (relation expressions written with symbols such as 
CZ,<=> ) . Generally, from the definition of the characteristic 

function X A ( X ) of the set ' X A W = KforVX e B) <=> B a A . 
Accordingly, the conditions (1) to (5) can be written in the form 
20 of the equation of the equivalent characteristic function. To 
indicate that the equivalent expressions to the conditions (1) 
to (5) are such as the equations of characteristic functions, "c" 
is suffixed with the equation number like (lc) to (5c) . The 
equivalent expressions are follows. 

25 

(lc) ^j(0(I)) = 1 (f or VIE B r n ) 

(2c) ^CF([JT])) = 1 (for VXeB,") 

< 3c > x',XG\([X])) = Ufor VXeB,", Vq) 
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(4c)^' FW)] (F^([Jr],[r]) = l(for VX,YeB, m . Vp) 

< 5c > x' lH s oCXu ... tXT)] iH\({x i ],---,[X T }) = \ (for vx 1; -,jr r e£ r \ Vs) 

X A (X) is a characteristic function of a subset A of B" and 
X^B r n } and is a characteristic function of a subset A' 

5 of B™ and J'e5 r m . 

When the expressions (lc) to (5c) are used for the encoding 
conditions, then whether or not a new operation system satisfies 
the encoding conditions for an old operation system is reduced 
10 to whether or not the characteristic function are "1". This is 
very beneficial in the determination using a computer. 

Under the encoding conditions (1) to (5) or (lc) to (5c) , 
a qualified new operation system can be designed, as logic circuits 

15 corresponding to r-value logic circuits, from the information of 
each operator ( original operator) of the known original operation 
system. A new encoding operation method can be provided which makes 
sure that the operation result using the 1 og i c -de s i gned new 
operation system is the same as the operation result by the original 

20 operation system. 

When it is designed with r = 2 , the values of characteristic 

functions are 0, 1, and X G B n , thus a characteristic function 
can be treated as one ^-variable binary logic function. From that 
25 point, (lc) to (5c) can be expressed in a clear equation form having 
equivalent binary logic functions as described with reference to 
the third aspect of the invention. 
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[Second aspect of the invention] 

The second aspect of the invention corresponds to Claims 
5 5 and 6 . 

The following two are postulates of the aspect: 

(6) Characteristic functions of sets on B n are treated as logic 
functions . 

10 (7) One element of a set on B" is related to one miniterm. 

Hereinafter, a characteristic function expres sed inabinary 
logic function is called a characteristic logic function. 

15 In particular, let the characteristic logic function of a 

subset S(S<=B") of B n be expressed as X s ( X ) ( X G B " > ; let the 
characteristic function of a subset T ( T d B m ) of B m be expressed 
as X' T (Y) ( Y G B m ) ; and the image of a subset S of B" with a mapping 
F:B n ^B m be expressed as F(S) . Then, x' ns) (Y) = l ( on 

20 YeF(S)) , z' ns) (Y) = 0 ( on YtF(S)). 

Thus, let the characteristic logic function of one element 
set having one miniterm for one element Q ( = (q } , q 2 ,- • •, q n ) ) on B" be 
expressed as % Q ( X ) . This becomes "1" only when X = Q , and thus 
25 %g(X) = X Q is satisfied. Miniterms are separable ( X 21 • X^ 2 = 0 (on 
Ol ^ 02 ) ) , then the following is clearly satisfied: 

(8) X s (.X)=\Jz e (X)=\JX e 

Likewise, considering one element P on B m , the following is 
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satisfied : 

(8-1) X ' FiS) <X)= \Jx' P (Y)= \J yP 

PeF(S) PeF(S) 

Considering that the area where P moves all over F(S) is 
5 completely the same as the area where P moves while 0 moves all 
over S with P = F(Q) , the equation (8-1) is reduced to the 
following : 

10 Sum over a range restricted with S is clearly equal to sum 

of all after multiplied by % S (X) , from the properties of the 
characteristic function. Thus the following is satisfied: 

(10) X' Fm (Y) = \jY F ™- Xs {X) 

X 

Also, for a characteristic logic function of subsets S y TczB" of 
15 B" , the following are clearly satisfied: 

(ID X s (X) Xt (X) = 0 (for VXeB")<?> Sr^T = <fi 

(12) Zsr<r(X) = Z a (S) Xt(X) 

(13) X*jri.X) = XsW^XtVO 

(14) ~z~^X) Zt(X) = 0 (for \/XgB")oS^T 

20 

The aforementioned configuration enables to treat 
characteristic functions of sets logically, and the expressions 
(8) to (14) can be used for set operation of general sets on B" . 
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Further, let consider mappings F I B n B m , G : B m — > B l . Let 
a composite mapping of F y G be R : B" —> B 1 . When a logic function 
is expressed in vector, the relationship of R(X ) = G(F(X)) is 
satisfied. When the characteristic logic functions of a subset 
5 [/([/c5') of ^ is expressed by Zu ( Z ) ( Z G B* ) , as with the above 
mentioned expression (10), the following expressionare satisfied: 

(lo-D x'^(Z) = [jz Rm Xs{X) 

X 

(10-2) x'c«){Z) = \JZ g ^Xt(Y) 

Y 



10 Here, let T - F{S) . Because of G(F(S)) = R(S) , (10), (10-1), 

(10-2) lead to the following expression: 

do-3) (j z*™ x s (x) = u <U z G(n • Y nx ' ) -x. m 

X X Y 

And that is satisfied for an arbitrary subset S , and then the 
following is satisfied: 

15 (15) Z Rm =\JZ G ^Y nx) 



By the way, Y F(X) for a mapping F : B n — > B m is a binary logic 
function of Y,X . Thus, Y F(X) is a Boolean Matrix of 2 m x 2" where 
2 W types of Y are row variables (row numbers) and 2" types of 
20 X are column variables (column numbers) . 

The expression (15) means that the matrix Z* (X) 
corresponding to the composite mapping R is obtained by product 
operation of the matrix Y F( ^ X ^ corresponding to the mapping F and 
25 the matrix Z G(7) corresponding to the mapping G as matrices . In 



21 



order to express explicitly that y F(A) is in a matrix 
representation, upper letters are used and the notation such as 

F(Y,X) is used. Hereinafter that is referred to as a generating 
function of a mapping F . Thus the following is satisfied: 

m 

5 (16) F(Y , X) = Y F ™ = iyj ' fj W ^ ^ * W> 

The expression (15) is converted in a form using the 
generating function as follows : 

(17) R(Z, X) = (J G(Z, Y) ■ F(Y, X) 

r 

From the disjunctive normal form of the logic function for 
an arbitrary function g(Y) of Y , and the expression (16) , the 
following is derived: 

(18) \Jg(Y)F(Y,X) = g(F(X)) 

Y 

For an identity transformation / : B n — > B n , the following 
is satisfied: 

(19) \Jg(Y)T(Y,X) = g(X) 

Y 

20 Thus the following relation expressions among component 

functions of a mapping F and a generating function are satisfied: 

(20) fj(X) = yj)>j ■ F(Y , X) 

Y 

(21) JXX) = \J7 r F(Y,X) 

Y 
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Let Cl — B", then the following expressions are derived: 

(22) \jF(Y,x) = Za (X) = \ 

Y 

(23) \jF(Y,X) = X ' FCn) (Y) 

X 

5 The expressions (22) and (23) express the characteristic function 
( = 1) of the definition domain of a mapping F , and the 
characteristic function of the value range of the mapping F 
respectively. It is clearly understood from the expressions (17) 
to (23) that a generating function is a very important expression 
10 for deriving the basic properties of a mapping with simple 
operations . 



Further, for an isomorphic mapping O : Q^Q, let define 
an inverse mapping <D _1 : D^Q . Then, the following is satisfied: 
15 (24) ®-\X 9 Y) = ®(Y,X) (forVI,7efi) 

The expression (24 and (20) lead to the following: 

(2 5) 4>-\(X) = \Jy r 1>{XJ) 

Y 

This expression enables directly to obtain the component functions 
of an inverse mapping from a generating function of an isomorphic 
20 mapping. This is clear ly under stood because an isomorphic mapping 
is bijection and has one to one correspondence. 



Thus, defining an identity transformation / : Q — > Q on 
Q = for O^O = OO" 1 = / , the following is satisfied: 

25 (26) |Jd- 1 (A r ,z) $(z,7) = Uo(x,z) 0(z 5 r) = 7(x,r) (for vx,7,ZgQ) 

z z 
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Also, for a generating function of a mapping F : B n — > B m , the 
following is satisfied: 

(27) F(Y,X)F(Z,X) = F(Y,X)T(Y 7 Z) ^Y,ZeB m ) 
5 This is derived from (16) as follows: 

m 

F(Y, X) ■ F(Z, X) = f) (y j f j (X) u y, ■ f, (X)) ■ {z j f j (X) ^ z . • / . (X)) 

m m 

= C\iy j z j f J {X)^y r z j f J (X))^f](y J f j (X)^y J ■ fj{X))-(y jZj Kjy r z i ) 
= F(Y,X)I(Y,Z) 

By the way, the necessary and sufficient condition for an 
arbitrary function a(Y,X) of X e B n , Y G B m to be a generating 
10 function of a mapping : B" — > B m i s a propo s it ion that a column vector 
of a(Y,X) for each X satisfies a(Y y X) = l for only one F. 

The proposition that one function g(Y) satisfies g(Y) = 1 
for only one Y is equivalent to the following: 

15 (28) \Jl(Z,Y)g(X) = gJz] (Y,ZeB m ) 

Y 

Firstly, this is proved as follows: 

a) upon g(Y) = 0, \Jl(ZJ) g(Y) = Q*gXZ) = \ 

Y 

b) When g(Y) is 1 at one position P among 2 m F's and 0 at all 
other positions, 7(Z,P) is 0 upon Z—P and 1 otherwise. Thus the 

20 expression (28) is satisfied. 

c) When g(Y) is 1 at two positions among 2 m F 1 s , the following 
is satisfied : 



\Jl(Z,Y)g(V) = \*g(Z) 

Y 
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The items a) ,b) and c) cover all cases. Thus the expression 
is proved. Such a function g(Y) is called a miniterm function 
5 because it composed of one miniterm. 

Accordingly, the necessary and sufficient condition for the 
aforementioned a(Y y X) to be a generating function of a mapping 
is as follows : 

10 (29) \J7(Z,Y)F(Y 9 X) = F(Z,X) (forV7,ZG5\ VXtB") 

Y 

According to the aspect, a mapping having multiple 
input s /outputs is not treated with each component function. It 
can be treated in a lump by using a generating function. And the 
15 relation among various logic functions can be calculated 
efficiently and comprehensively. 

[Third aspect of the invention] 

20 The third aspect of the invention responds to the invention 

of Claim 7. Also, the third aspect combined with the second aspect 
responds to the invention of Claim 8 . 

Firstly, the satisfaction of the following expression: 

25 (30) f(X)f(Y)A(X,Y) = 0 

for a logic function f(X) is checked for various A(X,Y) to 
determine the complexity of the logic function f(X). Using the 
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generating function of mapping for each component function 
fj(X)(j = \2 9 — 9 m) of a mapping F : B n -» B m , the following 
expr e s s ion : 

(31) F(X, A) ■ F(Y, B)x j y j A J (A, B) = 0 

5 is checked for A ; (A,B) to determine the complexity of logic 
functions fj(X) together. 

As described in the section of [notation] , the necessary 
and sufficient condition for a function / (X) ( X B" ) to be 

df(X) „ 

10 independent of variables X j is — = 0. This condition can be 

expressed using the generating function I(X,Y) of an identity 
transformation by the following expression: 

(32) f(X)W)T(X,Y') = 0 

where X % a vector der ived by replacing / component X i of a vector 
15 X with x i . 

This is as follows : 
by summing the expressions of the left hand member=0 of (32) , 
f(X) f(X') = 0 is obtained from (19); by substitute inserting X 
20 of this expression with X 2 , f(X') f(X) = 0 is obtained; and this 

df{X) A 

is equivalent to the Boolean derivation =0. The expression 

dx i 

(32) corresponds to the expression (30) with letting A(X,Y) to 

A(X,Y) = I(X 7 Y'). 

25 Further when f (X) is independent of the variables X. and 

X jr the necessary and sufficient condition is as follows: 

f(X)/(Y)I(X,Y i ) = 0 r f(X)f(Y)I(X,Y J ) = 0, f(X) ■ /(¥)■! (X,Y' J ) = 0 
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where X iJ is a vector derived by replacing X j9 X. of X with X i9 Xj . 

Further, let generally write a subset of W-variable set 
by 0; letwriteasubsetof 0 by L{L c: 0) ; and let X L be a vector 
5 by replacing such variables of a vector X as included in the set 
L with their negations. Then the necessary and sufficient 
condition for the independency of the variable of a set 0 is : 

(33) f(X)f(Y)J(X,Y L ) = 0 (for VZ<=0) 

Here, let write 0, using n Boolean values 0 l , by 0 = {/ ; 9 l — 0} . 
10 Then the expression (33) can be expressed by: 

(34) f(X)J(r)f]( Xl y l ^7 i y i ^0 r ) = O 

This is derived because: 

L<Z® I 

This 6 l is called a variable dependency of a function f(X) . 

15 

When the expression (34) is satisfied, f(X) is not 

dependent on such a variable as #'=(). The number of variables 

0 which it depends is equal to or less than such a variable as 

0 1 = 1 . The expression (34) corresponds to the expression (30) with 
20 A(XJ) satisfying A(XJ) = f|(x, y x KJ ~x, - ~y~ t ^0 ! ) . 

Further, let write the variable dependency of each component 
function fj(X ) ( j = 1,2,- • ,m ) of a mapping F : B n -> B m by &/ . Then 
all mappings are expressed in a lump using the generating function 
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corresponding to the expression (34) by: 
(35) F(X,A)-F(Y,B)x r y;.f](a l b l Kj^ r b l ^0 j ') = O 

This expression (35) corresponds to the expre s s ion (31) with 

5 Aj(A,B) satisfying A ; (A,B) = f](a l b t ^>a l • b x . These A(X y Y) and 

/ 

Aj(A,B) are hereinafter referred to as variable dependency 
functions - 

According to the third aspect of the invention, the variable 
10 dependency of a logic function for plural variables can be checked 
in a lump by determining whether or not an equation is satisfied. 
This third aspect in combination with the second aspect enables 
to design logic functions. 

15 [Fourth aspect of the invention] 

The fourth aspect of the invention corresponds to the 
invention of Claim 9. 

20 Let restrict r = 2 . Then the operations (mappings) of the old 

operation system are G q o'B n ^B n , F p o' B n x B" — > B n , 

H s o\ B n xB" x ---x B n -» B" ; the encoder (mapping) of the new operation 
system is 0 : B" — > B m ; the decoder (mapping ) is : B m — > B n ; the 
operators (mappings) of the new operation system are 

25 GV B m -»5 m , F p N : B m xB m B m , H S N : B m xB m x---xB m ^ B m . 
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The component functions of the operations of the old operation 
system, and the operations, the encoder and the decoder are 
expr e s s ed : 

Co: g*o(X) , F'o: f'oiXJ), H'o : h* o(X x ,X 2 ,-,X T ) and 
G\: gj \(X'), F'sxf/si.X'J'). H s N :h; N {X[,X' 2 ,-,X' T ), O 

where / = 1,2,- , X , Y, Z, X x , X 2 , • • •, X T G 2?" , y = l,2,---,/W / 



Let use, for these mappings, a generating function 
described with the second aspect of the invention; and let write 
the characteristic logic function % C (X') of the code range C by 
c(X') . Then, forr = 2, the following expressions (1-b) to (5-b-2) 
15 equivalent to the expressions (1-c) to (5-c) are obtained. These 
expressions (1-b) to (5-b-2) are suffixed with "b" to indicate 
explicitly that they are Boolean function expressions . 
( l -b ) V(X, X') ■ c(X') ■ 0(X', X) = <D(A", X) 

(2-b) \J®(X',X)®(X',Y) = I(X,Y) 



20 (3-b-l) G q o(Y,X) G q N (Y',X') x ¥(Y,Y')c(Y') x ¥( < X,X')c(X') = 0 



(3-b-2) c(Y')c(X')G"n(Y',X') = 0 
(4-b-l) 



F "o (Z, Y, X) - F p N (Z Y ', X') ■ T(Z, Z>(Z ') • *F(F, Y ')c(F') • *¥(X, X')c(X') = 0 



(4-b-2) (4-b-2) c(Z') c(Y') c(X') F p N (Z',Y',X') = 0 
25 (5-b-l) 



H°o(Y,X x ,-,X T ) H* N {Y\X[,--,X' T ) V(YJ')c(Y') ■V{X„X[)c< < X[)-V{X T ,X' T )c(X' T ) = 0 



( 5 -b - 2 ) c(Y') ■ c{X[) c(X') H S N (Y ', X;, ■ • • , X' T ) = 0 
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<5>(X\X) is the generating function of the encoder; ^(X^X') is the 
generating function of the decoder; G q o(Y y X) are the generating 
functions of the unary operations of the old operation system; 

F p o(Z,Y,X) are the generating functions of the binary operations 
5 of the old operation system; G q N (Y\X') are the generating 

functions of the unary operations of the new operations system; 
F p N (Z\Y\ X ') are the generating functions of the binary operations 
of the new operation system; H 5 o (Y, X x * X T ) are the generating 
functions of T-nary operations of the old operation system; and 

10 H s N {Y\X[,'--,Xj) are the generating functions of the T-nary 
operations of the new operation system. 



The expressions (1-b) to (5-b-2) are derived by the 
equivalent transformation of the expressions (1-c) to ((5-c) 
15 below. 



Firstly, the characteristic function X[x\(X ) of the set 
[X] indicating a code X is clearly expressed, using the 
characteristic function of the decoder \P by the following: 
20 (3 6) X { x] (X') = V(X,X')c(X') 

Let suppose that this expression (36) is a function of X' . 
From the property (18) of a generating function, the expression 
(lc) is equivalent to the following: 

25 (37) (J X') • c(X') • X) = 1 

x' 

Also, form the property (27) of the generating function, the 
following is satisfied: 

(38) ®(x\ x) • o<Y' ? x) = ®(x\ X) • T(x\ y') 
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Then, by multiplying both side members of (37) with 0(Y', X) , and 
summing those using the property (19) of the generating function, 
and modifying the variable Y' into X' , the expression (1-b) is 
obta ined . 

Next, from the properties (10), (16), (2-c) of the 
characteristic logic function and generating function, the 
following is obtained: 

(39) Zvar* (*) = U X') ■ <p{ n (A") = U x ') ■ > • c (^') 

X' X' 

Reviewing (2), (2c) is equivalent to the following: 

(40) Zv«r»(X) = Zr(X) 

(2c) is, from (39), (40) and the property (27) of the generating 
function, equivalent to the following: 



15 (41) \JV(X,X')I(X,Y)c(X') = I(X,Y) 



X' 

By summing the both side members of this expression for Y , (2-b) 
is obtained from the property (22) of the generating function. 

Next, from the property (14) of the generating function, 
20 (3c) is clearly equivalent to the following: 



< 42 > *;w r >-4>w r > =0 



Also, from (36) , the following is obtained: 
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Also, from (36) and the properties (10) and (16) of the 
characteristic function and the generating function, the following 
is obtained: 

< 4 4 > X' x]) (Y')^\}G" N <T, X') ■ X [ x] (X') = {jG q N (Y \X')- V(X,X')c(X') 

X' X' 

5 By substituting (43) and (44) to (42) and removing the sum because 
of Boolean expressions of a "=0" type, the following is obtained: 
(45) G q N (Y\ X') • X') • c(X') • ^{G q o {X)J') • c{Y') = 0 

This is divided into the following expressions by dividing the 
negation portion: 

10 (46) G q N (Y\ X') ■ X') • c{X') • V{G q o (X\Y f ) - 0 
(47) G q N(Y\X')- X') • c(X') • Tif) = 0 

By applying the properties (18) and (29) to the expression (46), 
the expression (3-b-l) is obtained; and by summing (47) for X and 
applying the property (22) of the generating function, the 
15 expression (3-b-2) is obtained. Likewise, (4-b-l) and (4-b-2) 
obtained from (4-c) ; and (5-b-l) and (5-b-2) obtained from (5-c) . 

As described above, (1-b) to (5-b-2) are obtained and the 
encoding conditions of the old operation system and the new 
20 operations system are expressed by clear Boolean logic equations. 
This enables to efficiently determine a new operation system from 
the information of component functions of an old operation system 
by binary search. 

25 [Fifth aspect of the invention] 

The fifth aspect of the invention corresponds to the 
inventions of Claim 10 to 12 - 
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In this aspect, in addition to the above mentioned 
expressions (1-b) to (5-b-2), the conditions for simplifying the 
logics of operators of the new operation system are imposed. The 
5 encoder, decoder and operators are logic -de s i g ned under those 
conditions, and the circuit scale and operation delay time are 
reduced. Further, the imposed condition to unary operations is: 

(48) GMx\iO-GMr,*>*;-3^ 

The imposed conditions to binary operations are: 

10 (49) F p N (X\A\C')F p N (Y\B\C')x' j y j f](a;b;^ r F l Kj0^) = O 

The imposed conditions to T-nary operations are: 
(50) 

H p N {X\A',C' 2 ,-,C' T ) ■H' N {Y\B\C^--,C' T yx)-y r [\{a\-b\^ r V,KJM, r i , ) = 0 

I 

15 H> N {X\C[,A\---X' T )H p N (Y\C[,B\---,C! r )-x]-7 r ^ 



H'„{X\C[s"£T*AyH> N (y\Cl,'.-,C' T ^Byx). y ) 

Values of A q / and 0 X P / , 0 2 P / and //// to /d T *j are determined such 
that the variable dependency of the new operators for input 
20 variables is less than one of the old operation system. The circuit 
scale and operation delay time of such designed encoder, decoder 
and operators are reduced. 
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If required, the condition of 6 P / = 0 2 P / for the above 
mentioned 0 X P / and 6 2 P / as the simplification condition is 
imposed to symmetrically logic-design the binary operations of 

si si 

the new operation system. Further, the condition of /Ll x j =• • • = /J T j 

si si 

5 for the above mentioned fJ x j to jU T j is imposed to symmetrically 
design T-nary operations of the new operation system. 

[Sixth aspect of the invention] 

10 The sixth aspect of the invention corresponds to the 

inventions of Claims 13 and 14. 

Let suppose that, when the space B" of the old 
representation data and the space B™ of the new representation 
15 data is the same as are same ( B" — B™ ,77 — m ) , the encoder O is 
an isomorphic mapping O \ B" —> B r " , and the decoder is = 3> 1 

( an inverse mapping of O) . Then, if the encoder is an isomorphic 
mapping, the expressions (1) and (2) are clearly satisfied. 

20 It is sufficient ins tead of (1-b) and (2-b) that the fol lowing 

condition for <£>(Y,X) to be the generating function of an 
isomorphic mapping is satisfied: 

\JT(Z,Y) ■ X) = ®(Z,X) 

(51) r (for VX,Y,Z<=B") 

\Jl(Z,Y)&(X,Y) = ®(X,Z) 

y 

Also, (51) is derived by exchanging the inputs and outputs of (29) . 
25 The relation expression of the new and old operation systems 
corresponding to (3-b-l) and (3-b-2) of a unary operation is 
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replaced with the condition that the following expression is 
satisfied : 

( 5 2 ) G«« (Y X') =(J (J G" 0 (Y,X) • 0(7', Y) ■ ®(X', X) 

Y X 

Likewise, the following expressions are satisfied: 

(53) F p »(Z',X',Y') = \J\J\jF p o(Z,X,Y) ®(Z\Z) ®(X',X) 

Z X Y 

(54) H s n(Y\X^-- 7 X' t ) = [JJ.^ 

Y X x X T 

Here, when the variable dependency (48) is required for the 
new operation system, (48) is applied to (52). By summing for 
X\Y\A\B' , the following is obtained: 
(55) 

G*o (X 7 A) ■ &o (Y, B) {X) J^Y) • nW,W-A(fi)u^-puAV) = 0 

i 

Likewise, when the variable dependencies (49) and (50) are 
required, the following expressions are obtained: 
(56) 

F p o (X, AX) -F p o (7, B y C) ^ \X) J^Y) ■ nttW-AW^^u^Vo 

F>o{X,C,A).F'o(Y,C,B) ^(X) ^) (^(MA) MB)^MA) ■MB)<J0 2 P /) = O 

i 

(57) 

H'o(X,A,C 2 r--,C T )H°o(Y,B,C 2 ,---,C T yt^ 
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H'o(X,C i ,A,---,C r yff'o(r,C u B,--.,C T )-+ J W 



H'oiX,C l ,C 2 r--,A)-H'o(X.C l ,C 2 s--,Bb-+ J (X)-+^ 

Considering that (55) , (56) and (57) are the equations composed 
5 of only the generating function of operations of the old operation 
system and encoding component functions, the following 
determination procedure can be taken: 

<Step 1> Determine an encoder ( its component functions) satisfied 
10 (51) and (55) to (57) for given variable dependency. 

<Step 2> Determine the operators of the new operation system from 
(52) to (54) . 

<Stet 3> Determine the decoder from v F = O -1 , which is interpreted 

to *¥(Y 9 X) = <D( X, Y) for the generating function. 
15 ( The steps 2 and 3 can be performed in the reverse order.) 

Because that determination procedure does not include the 
information of operators of a new operation system, less factors 
need to be determined, and a code can be determined efficiently. 

20 

According to the invention, the encoding operation device 
can be provide for which the operation result can be calculated 
based on the flow of the encoding operation method. In particular, 
the above mentioned method of logic designing is performed to enable 
25 to logic design concretely the encoding operation method including 
redundant codes ; the logic equations obtained from the logic design 
based on the encoding operation method enables to concretely design 



36 

circuitry, and operation result can be calculated based on the 
flow of the encoding operations method. 

Also, an encoding operation device having one or more types 
5 of new operators can be provided in which the new operators are 
directly connected to eliminate the time of delay through a memory 
for plural operations for the new representation data and to achieve 
fast processing. 

Further, an encoding operation device can be provided in 
which, under the control of a CPU or a data control unit, the 
operation result obtained as the new representation data by one 
or more new operators is not directly converted to the old 
representation data by the decoder but stored in the memory still 
as the new representation data, and is processed using the new 
operators, with another new representation data calculated through 
another calculation process to enable flexible modification of 
a calculation process and the like according to a program. According 
to the invention, the above mentioned means resolves the problem 
vi) of the related document. 

It should be noted that the present invention can be realized 
as not only a device or a system but also a method. At least a 
part of such a realized invention implemented in software. Also, 
25 a software product used for performing such software in a computer 
is within the scope of the invention. 

According the invention, the problems of the related 
document can be resolved, the new operation system of an encoding 
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operation method can be logic-designed concretely and efficiently, t 
and an encoding operation device can be provided in which the circuit 
element number and the time delay are reduced to achieve fast 
operation and low power consumption. 

5 

Brief Description of the Drawings 

Fig . 1 is a conceptual drawing of the encoding of the 
invention . 

10 

Fig. 2 is a conceptual drawing of the extension from the 
original operation system to the old operation system according 
to the invention. 

15 F.g.3 is a drawing of an example of the old operation system 

and new operation system determination flow of the invention. 

Fig. 4 is a drawing of the configuration of the operation 
device configured with the invention. 

20 

Fig. 5 is a drawing of details of the old operation system 
and new operation system determination flow of the invention. 

Fig. 6 is a drawing of details of the old operation system 
25 and new operation system determination flow of another example 
of the invention. 

Fig. 7 is a drawing illustrating the truth table of a pseudo 
multiplier F } of the original operation system in connection with 
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the example 1 of the invention- 
Fig. 8 is a drawing illustrating the truth table of a pseudo 

adder F 2 of the original operation system in connection with the 
5 example 1 of the invention. 

Fig. 9 is a drawing illustrating the circuit diagram of the 

pseudo multiplier F l of the original operation system in 
connection with the example 1 of the invention. 

10 

Fig. 10 is a drawing illustrating the circuit diagram of the 

pseudo adder F 2 of the original operation system in connection 
with the example 1 of the invention. 

15 Fig. 11 is a drawing illustrating the determination flow of 

the new operation system in connection with the example 1 of the 
i nven t ion . 

Fig. 12 is a drawing illustrating the truth table of a pseudo 

20 multiplier F 2 n of the new operation system in connection with 
the example 1 of the invention. 

Fig. 13 is a drawing illustrating the truth table of a pseudo 

adder F\ of the new operation system in connection with the 
25 example 1 of the invention. 

Fig. 14 is adr awing illustrating the truth tableof anencoder 
<[> of the new operation system in connection with the example 1 
of the invention. 
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Fig. 15 is a drawing illustrating the truth table of a decoder 
*F of the new operation system in connection with the example 1 
of the invention. 

5 

Fig. 16 is a drawing illustrating the circuit diagram of the 

pseudo multiplier F l n of the new operation system in connection 
with the example 1 of the invention. 

10 Fig. 17 is a drawing illustrating the circuit diagram of the 

pseudo adder F 2 n of the new operation system in connection with 
the example 1 of the invention. 

Fig. 18 is a drawing illustrating the circuit diagram of the 
15 encoder multiplier O of the new operation system in connection 
with the example 1 of the invention. 

Fig. 19 is a drawing illustrating the circuit diagram of the 
decoder of the new operation system in connection with the 

20 example 1 of the invention. 

Fig. 20 is a drawing illustrating a table of circuit element 
numbers and delay times in connection with the example 1 of the 
invention . 

25 

Fig. 21 is a drawing illustrating the block diagram of a 
product sum operator in connection with the example 1 of the 
invention . 
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Fig. 22 is a drawing illustrating a pseudo product sum 
operator in connection with the example 1 of the invention. 

Fig. 23 is a drawing illustrating the truth tables of two 

5 unary operations G 1 , G 2 of the original operation system in 
connection with the example 2 of the invention. 

Fig. 24 is a drawing illustrating the generating function 

Boolean matrices of two unary operations G 1 , G 2 of the original 
10 operation system in connection with the example 2 of the invention. 

Fig. 25 is a drawing illustrating the new operation system 
determination flow in connection with an example of the invention. 

15 Fig. 26 is adrawing illustrating the input/output topologies 

of unary operations G 1 , G 2 of the original operation system in 
connection with the example 2 of the invention. 

Fig. 27 is a drawing illustrating the input/output topologies 

20 of unary operations G\ , G 2 n of the new operation system in 
connection with the example 2 of the invention. 

Fig. 28 is a drawing illustrating the input/output topologies 

of tied unary operations G X n , G 2 n of the new operation system in 
25 connection with the example 2 of the invention. 

Fig. 29 is a drawing illustrating the determination flow of 
topology matched new operation system in connection with the 
example 2 of the invention. 
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Best Modes for Carrying Out the Invention 

The embodiments of the invention are described below. 

5 

The methods of the inventions of Claim 3 to 8 are described. 
What is described can be appropriately applied to the devices of 
the inventions of Claim 1 and 2 and the methods of inventions of 
Claim 9 to 14. 

10 

[First Embodiment] 

The invention of Claim 3 is described. 

15 First of all, the embodiment is illustrated in which the 

flow of Fig. 3 with the encoding conditions of Clam 3 and 4 is 
performed for the old operation system with r = 2 and n=2 with one 
unary operation G Q given component functions 

g O0 (A) = a x ,g ol (A) = a } -a 0 , and new operations with m=3 . Fig . 5 is a 
20 flow chart illustrating the general flow of the program of the 
embodiment of the invention of Claim 3 ( the embodiment of the 
invention of Claim 4 is same) . The variables and arrays used for 
the program are as follows: 

25 x:oldcodeandnoncode variable ; variable s corresponding to values 
0 to 3 of X , and non code (its value is 4) 

y: new code variable; variables corresponding to 0 to 7 of X' . 

r : random number variable; variables indicating 0 to 255 of produced 
8 bit random numbers 
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i,j,k: modified variables produced by new operators 
l,t,u,v: general variables 

c[4] : produced code array; four arrays corresponding to four types 
of codes [X] , where each bit corresponding to the vale of the 
5 new code which the produced code belong to is "1", and each 

bit which does not belong is "0". The values of the new code 
are aligned to bits from the LSB side, 
go [4] : array of mappings of old operators; go[0]=0, go[l]=0 / 
go[2]=l, go[3]=3 

10 gn[8] : array of mappings of new operators; arrays having array 
addresses related to input values of mappings of new operators 
produced in each step and having those output as corresponding 
values . 

gne [3] : new operator component functions; array indicating three 
15 component functions of a new operator where each bit of each 

component logicequationis "1" at which it includes the mini term 
X°,--',X 7 from the LSB side. 
gnc[4] : new operator code substitution function 

s[6] : 3 bit formal component function array; an array indicating 
20 3 type of 3 bit one variable logic functions (non negation 

type) and their negation type one variable logic functions 
in the same manner as gne [3] . In particular , letthebitpatterns 
of one variable logic functions (non negation type) are the 
following three type s : 0 1 0 1 0 1 0 1 , 00110011, 00001111. Then 
25 s [0] =170, s [1] =204, s [2] =240 . Those negations are substituted 

the following array positions; s [ 3 ] = 8 5 , s [ 4 ] =4 1 , s [ 5 ] = 1 5 
b0[8] : one bit 0 pattern array; b[t] has "0" at t-th bit position 
and "1" at the others positions 
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bl[8] : one bit 1 pattern array; b[t] has "1" at t-th bit position 
and "0" at the others positions 

The detailed process of the flow of Fig . 5 applied to Claim 
5 3 is described below. 

[Step Sll] : Initialize. 

Other arrays and variables than go [ 4 ] , s[3], sn[3] are set "0". 

10 [Step S12]: Generated code. 

Generate a random number r. Considering that the new code y belongs 
to the code [X] (or NC)^ corresponding to mod (r,5), set "1" at 
y-th position of c [mod (r, 5) ] . 

15 [Step S13, S14] : y=y+l. If y=8 then go to the step 2, otherwise 
go to the step S15. 

[Step S15] : Check the encoding conditions (1) and (2) . 
The satisfaction of the condition (1) is equivalent to that at 
20 least one of the four [X] is set with a new code. This means that 
notallof c[0]-c[3] are " 0 " . If at leastone "0" exist, then re turns 
to the step 1. If there is no "0", then proceeds to the step 16. 
For example, if codes such as [0]={6'}, [1]={2'}, [2]={0',4'}, 
[3] ={ 1' , 3' , 5' , 7' } , NC=empty set are generated, the value are 
25 c [0] =64, c [1] =4, c [2] =17 , c [3] =85, and then the step 5 is taken. 

[Step S16] : new operators are generated. 
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When the encoding condition (1) is satisfied then an encoder <I> 
and a decoder *P are ensured. Thus new operators are generated. 
In this embodiment, because the old operator is one and gate, 
the simplification is limited to producing a one variable 
5 dependency logic function. Accordingly, the component function 
of new operators any of the six type of component functions 
including non negation type formal component functions and 
negation type formal component functions . Thus, the new operators 
are generated such as gne [ 0 ] =s [ i ] , gne[l]=s[j], gne [2]=s [k] . 

10 

[Step S17] : The encoding condition (3) is checked. 

Firstly, gn [8] is calculated from gne [3] ad follows. 

15 The values of t-th bit from the bottom of gne[0], gn[l], gn[2] 
are moved to 0-th bit (LSB), 1-st bit and 2-nd bit of gn[t] and 
3-th and upper bit remains "0". This process is performed from 
t = 0 to t=7 to determine gn[8] . 

20 Next, for values t at every bit position where c [u] is set " 1 " 
(LSB is "0" and the value is incremented by 1 for one upper position) , 
a value gn[t] -th bit value of v is set "1". 

When the bit pattern of c[go[u]] includes the bit pattern of v, 
25 then u=u+l, and the process is repeated until u=3 . When it becomes 
not including the bit pattern on the way, it means that the encoding 
condition (3) is not satisfied. Thus the control goes to the step 
S18. When the process has been repeated through to the completion, 
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it means the encoding condition (3) is satisfied. Thus the control 
goes to the step S208. 

[Step S18 and S19] : values of i, j, k are modified. [*7?7° S18, S19] : 
5 After the modification the control goes to the step 5. However, 
when i, j, k have taken all the value of 0 to 5, it means that 
no new operator having one variable dependency exists . Thus the 
variables and the like are initialized and then the control goes 
to the step S12. 

10 

[Step S20] : According to the encoding condition (1) new codes among 
[0] to [3] are selected from portions at which the bit pattern 
of the array c[4] is "1". For example, the correspondence such 
as 0->l ' , l->0 ' , 2->4 ' , 3->2 ' is determined. Generally, plural 
15 encoders can exist. One making logic equations simpler may be 
selected. Because it is ensured that decoders satisfying the 
encoding condition (2) exist, the description of this embodiment 
is brought to completion. 

20 Variables and the like are initialized at appropriate 

timings . 

With that the description of the process of Fig. 5 is 
completed . 

25 

In that embodiment, the code exemplified in the step 4 are 
produced by random numbers, and the process finishes with i=0, 
J=3, k=l. 
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That means when the code is [0]={6'}, [1]=(2'}, [2]={0',4'}, 
[3] ={ 1' , 3 ' , 5' , 7 ' } , NC=empty set, the new operator whose logic 
equation is g NQ (A') = a[, g m (A') = a\ , g N2 (A') = ^ is obtained. 

5 While in that embodiment the old operator is a single one 

for a unary operation, alternatives which include plural binary 
operations and T-nary operations can be realized basically by the 
same flow processed with a computer except that the encoding 
conditions (4) and (5) are checked in addition to the encoding 
10 condition (3) , and that the process of the step 5 for the generation 
of the new operators is complicated. 

As described above, the operation design method of Claim 
3 enables to obtain new operators less complicated than old 
15 operators . 

[Second Embodiment] 

Next, the embodiment of the operation device design method 
20 of Claim 4 is described. In this embodiment the encoding conditions 
(1) to (3) of the flow of Fig. 5 are replaced with (1c) to (3c) 
for the determination. The distinctive portion of this process 
is different from the embodiment of the invention of Claim 3 only 
in connection with the step S17 for calculating the characteristic 
25 functions of the codes produced in the step 12 and checking the 
condition, and the step S20 for determining the codes. 

Let suppose the same case as the described above, that is, 
the codes are generated such as [0]={6'}, [1]={2'}, [2]={0',4'}/ 
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[3] ={ 1' , 3' , 5' , 7' } , NC=empty set, and the new operator is 

As previously described, c[4] is obtained from the codes 
5 generated in the step 2. The fact is that this corresponds to a 
logic function %{ X] (X') of each X , which is a characteristic logic 
function on B 3 . That is, u of c[u] corresponds to X , and the bit 
pattern of c[u] for each u is a logic function on B 3 in the same 
sense of gne [ 3 ] . 

10 

Thus, the encoding condition (3) of the step 6 is modified 
to (3c) as follows . 

(The step S17 of the embodiment of the invention of Claim 4) 

15 

In the same way as Claim 3, gn[8] is calculated from gne [ 3 ] , 
and v is calculated likewise. The logic sum of c[go[u] ] and the 
bitpatternof v is calculated, and the calculation result is checked 
for 255 . This corresponds to determination that the characteristic 
20 function of the left side of the equation (3c) is "1". 

Then u=u+l, and the process is repeated until u = 3 . When it 
is not 255 on the way, it means that the encoding condition (3c) 
is not satisfied. Then, the control proceeds to the step S18. 

25 

When the control successes with the final one, it means the 
encoding condition (3c) is satisfied. Then the control proceeds 
to the step S2 0 . 
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(The step S20 of the embodiment of the invention of Claim 4) 

The logic sum of c [u] and bO [t] for o to 3 of u is checked 
for 255, and the encoder is determined. This corresponds to the 
determination of the encoder by encoding condition (3c) . 

As far as the decoder is concerned, it is same as in the 
step S20 of Claim 3. 

Those are different points of the embodiment of the invention 

of Claim 4. The two steps are modified by replacing from the 

procedural processes to simplified logic operations and equal 
check operations to achieve simple program process. 

As mentioned above, the operation device design method of 
the invention of Claim 4 can realize efficient program process 
and reduce the time required for the design. 

[The third embodiment] 

Next, two embodiments of the invention of Claim 5 are 
described . 

The first one is an embodiment in which portions conducting 
the logic sum operation in the two steps are replaced with the 
equation (14) of Claim 5 (its negation) . 

In the second one, the equation (8) of Claim 5 is applied 
to the code generation in the step 2 . Suppose that the new code 
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ybelongto [X] (orNC) corresponding to mod (r,5) . Then, c [mod (r , 5) ] 
is replaced with the logic sum of c[mod(r,5)] and bl[y]. 

[Fourth embodiment] 

5 

Next, the embodiment of the invention of Claim 5 is described. 
The equations (9) to (13) of Claim 5 can be also used for operations 
among elements of a set. Accordingly, the logic function design 
method of Claim 5 can replace procedural processes with simplified 
10 logic operations to achieve efficient process. 

[The fifth embodiment] 

Next, the embodiment of the invention of Claim 6 is described 

15 

The important point of the logic function design method of 
Claim 6 is that plural logic functions having multiple 
inputs /multiple outputs can be clearly calculated by using a 
equation based on a generating function. 

20 

While the application of a generating function covers a lot 
of grounds, the following example is shown as a typical embodiment 
of the method using a generating function: a two inputs 3 outputs 
logic function A and a 3 inputs 2 outputs logic function are given; 
25 a 2 inputs 2 outputs logic function C is composed by substituting 
A to B; and the component logic functions of the logic function 
C are obtained by the program. 
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In this embodiment, the inputs of a logic function is related 
to the address of a array, the outputs are related to mini terms , 
and it is indicated by 0,1. 

5 . Because the program of the calculation based on the equation 

is easily implemented, only the flow of the process is illustrated 
below . 

The arrays used for the program is as follows . 
a[3] [4] : 2 inputs 3 outputs logic function A; array of component 

function for each three outputs 
b[2] [8] : 3 inputs 2 outputs logic function B; array of component 

function for each two outputs 
c[2] [4] : 2 inputs 2 outputs logic function C; array of component 

function for each two outputs 
ma [ 8 ] [4] : generating function array of A; 
mb [4] [8]: generating function array of B ; 
mc[4] [4] : generating function array of C 

20 a[3][4], b[2][8] are already inputted with values 0, 1. 

The flow of the process is as follows: 

(Step 1) The generating functions ma [ 8 ] [ 4 ] , mb [ 4 ] [ 8 ] are 
25 calculated from the component logic functions a[3] [4], b[2] [8] 
according to the de f inition equation (16) for a generating function 
of Claim 6 . 
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(Step 2) The generating function mc [ 4 ] [4] is calculated from the 
generating functions ma [8] [4] , mb [ 4 ] [ 8 ] according to the equation 
(17) of Claim 6. 

5 (Step 3) The component logic function c[2] [4] is calculated from 
the generating function mc [ 4 ] [4] according to the equation (20) 
of Claim 6 . 

As described above, the calculation can be conducted only 
10 a simple program composed of 3 steps. 

In this manner, the logic function design method of the 
invention of Claim 6 can be implemented with program based on the 
clearly defined equations and enables to design them simply and 
15 efficiently. 

[The six embodiment] 

Next, the embodiment of the invention of Claim 7 is described 

20 below. 

The important point of the logic function design method of 
the invention of Claim 7 is that variable dependency can be 
calculated efficiently based on clear equations. 

25 

Suppose a problem that a logic function should be selected 
among 100 given 4 inputs logic functions, which is independent 
of specified variables. Here, only the flow of the determination 
program there of ba s ed on the equation (34) of Claim7,is illustrated. 
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The constants and variables are as follows. A logic function array 
is corresponds to mimiterm and "1" is inserted at the address and 
otherwise " 0 " - 

f [100] [16]: 100 4 bit logic functions; given constants 
5 fn[100] [16] : negated logic functions of the above mentioned 100 
logic functions:0, 1 are reversed against the above mentioned 
functions 

e[4]: specif ied variable dependency; cons tant array ins erted with 

the value such as e[u] — 0" . 
10 delta [ 1 6 ] [ 1 6 ] : variable dependency function; one corresponding 

to A(X,Y) of the equation (34) 

d[100]: determination result array; 

s[4] [16] : 4 formal component logic function array; constant array 
corresponding to four logic functions of AT 0 ~X 3 . 
15 sn[4] [16] : 4 formal component negation logic function array: 
constant array corresponding to logic functions of X 0 ~X 3 . 

i/ j/ k: general variables 

(Step 1) The variable dependency function delta [16] [16] is 
20 calculated from given e [ 4 ] based on the definition of A(X,F) shown 
in Claim 7 . 
Let k=0 . 

(Step 2) The left side of the equation (34) is calculated as 
25 follows . 

f [k] [i] *f n [k] [ j ] *delta [i] [ j ] is summed over every i, j. 
If the calculation result is "0" , then d [ k] =1 , and otherwise d [ k] = 0 . 
Let k=k+l. If k=100 / then go to the step 3, otherwise return to 
the step 2 . 
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(Step 3) Select a logic function. 
A logic function such as d[k]=l is selected. 

5 This is the embodiment of the invention of Claim 7 . The logic 

function design method of the invention of Claim 7 can calculate 
a preliminarily specified variable dependency function by clearly 
defined equations, and analyze them in one lump, and be then 
processed much more efficiently than the conventional methods 
10 which check independency for each variable in series or for each 
compone nt . 

[The seventh embodiment] 

15 The important point of the invention of Claim 8 is that this 

method is used for various logic designs by calculation and 
determination of Claim 5 to Claim 7 in a comprehensive manner - 

Fig. 6 is a block diagram of the program of Claim 6, in which 
20 the program has seven processing steps illustrated as the following 
step 1 to step 7 and one step for controlling the flow among the 
steps indicated with the step 8. 

[Step S21] : characteristic logic function transformation step. 
25 The inputted relation among sets is transformed to characteristic 
functions using relation expressions (8) to (14). 

[Step S22] : characteristic logic function relation determination 
step . 
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It is checked whether or not The equations of the transformed 
characteristic logic functions are satisfied. 

[Step S23]: mapping component function and generating function 
5 input step . 

The component functions and/or the generating function of each 
mapping are inputted. 

[Step S24] : generating function calculation step. 
10 The generating function is calculated based on the equation (16) . 

[Step S25]: component function calculation step. 

The component functions are calculated based on the equation (29) . 

15 [Step S26] : component function generating function relation 
calculation step. 

The equations (18) to (19) are calculated. 

[Step S27] : variable dependency analysis step. 
20 The variable dependencies are calculated based on the equations 
(30) to (35) . 

[Step S28] : Output the result. 

25 [Step S29]: data control step. 

It exchanges data among the step S21 to the step S28 for their 
purpose . 
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One design example according to the block diagram of Fig . 6 
is described below. 

Suppose the following logic circuit: let set data 1 represent 
5 likes or dislikes of each of 2 m users for each of K items; let 
set data 2 be L types of patterns among 2 K types of patterns 
indicative of likes or dislikes for each of the K items; and the 
logic circuit be for picking up the people corresponding to the 
L types of patterns (the set data 2) . That is a circuit receiving 
10 the user number of m bits and outputting "1" when the user satisfies 
it and "0" when the user does not satisfy it. Such exemplified 
circuit is designed by the block diagram of Fig. 6 below. 

The process proceeds under the control of the step 8 . Firstly 

15 the step 1 trans forms the s et da ta 1 of 2 m people to m character is tic 
logic functions, and the step 4 treats them as m component functions 
of a mapping A and calculates the generating function A. Likewise, 
the step 1 transforms the set data 2 of L elements to a characteristic 
indicating the selection of a single pattern, and the step 4 treats 

20 it as one component function of mapping B and calculates the 
generating function B. Next, the step 6 calculates the generating 
function of a composite mapping BA from the generating function 
A and the generating function B, and then calculates one component 
function of the generating function 

25 

In this manner, the logic function of the required circuit 
is obtained . 
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While the example can be designed by the processes of the 
step S21, step S24, step S26, step S28, there exist many examples 
using other steps above mentioned example 

5 As described above, the logic function design method of the 

invention of Claim 8 is used for various logic designs by calculation 
and determination of Claim 5 to Claim 7 in a comprehensive manner 
in various fields of applications. 

10 Next, examples illustrating the advantages of the encoding 

operation method of the invention remarkably are described. 

[Example 1] 

15 Suppose an old operation system defined with: a binary 

operation out having an input with a four element 

set Q\« = (s,t 9 tt, V,) and an output with a five element set 
0}out = ip^c^f^g^h) ; and another binary operation F 2 \ Q 2 x CI 2 — > CI 2 
having an input and output with a eight element set 

20 Q 2 = (ci y b y C 9 d,e 9 f,g 7 h) . To easily comprehend the advantages of the 

invention, considering that F l is a pseudo multiplier and F 2 is 
an pseudo adder, a calculation system of the original operation 
system performing product sum calculation (pseudo product sum 
calculation) is compared with the new operation system later. 

25 

F } is a pseudo multiplier and indicated by "*", and F 2 is 
a pseudo adder and indicated by "+". Plural pseudo additions are 
indicated by £ as conventional. Then, the pseudo product sum 
operation is the following calculation: 
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(58) Z=f j X k *Y k 
where X k y Y k G Q 1 in , Z G CI 2 

Let the original operation system with the most general binary 
5 values. And, let Q\„ = B 2 and 5 h- > (0,0),/ I— > (0,1), Z/ H > (1,0), V I— > 0,1) r and 
let Q^c/r = fl 2 = i? 3 and 

a h-» (0,0,0),* H> (0,0,1),* i-» (0,1,0),*/ (0,1,1), e (1,0,0),/ ^ (1,0,1),# (1,1,0),/? h> (1,1,1) . 
Then, F X is a binary operator having a four bit input and a three 
bit output, and F 2 is a six bit input and a three bit output. 
10 The truth table of this operator F l is shown in Fi . 7 , and the truth 
table of this operator F 2 is shown in Fig. 8. The circuits composed 
from the truth tables of Fig. 7 and Fig. 8 using a logic composition 
software product are shown in Fig . 9 and Fig . 10 . Fig. 9 is the circuit 
diagram of F X , and Fig. 10 is the circuit diagram of F 2 . 

15 

In this example 1, according to the first aspect of the 
invention, every original data set is extended to the old 
representation data set B 3 , the old operations F l o,F 2 o 
corresponding to the F l ,F 2 of the original operation system are 
20 treated as binary operations such as F o,F o : B xB —>B , the new 

representation data set is set B 3 as well. Then encoding is 
non-redundant code of an isomorphic mapping type. That is, 

O : B 3 — > B 3 , *F = O 1 : B 3 B 3 . In this example, the new operation 
system is determined by the flow shown in Fig. 11. 



The flow of Fig. 11 is as follows. 
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[Step S21]: The initialization is made with k=l , p=l . k is the 
number of inputs of the new operator, p is the number of bits off 
the new operator. 

5 [Step S22] : p-th code G> is generated ( replacement O is determined) . 

[Step S23] : The truth table of the pseudo adder is replaced with 
<t> to generate a new operator. 

10 [Step S24] : A binary operators having a variable dependency equal 
or below k is generated. 

[Step S25] : The inverse replacement of4> is applied to every 
candidate of the new pseudo multiplier and each result is compared 
15 to the corresponding point of the original pseudo multiplier. 

[ Step S2 6 ] : whether or not any candidate matches to i t i s determined , 
If any, the control proceeds to the step S27, and otherwise the 
control proceeds to the step S28. 

20 

[Step S27]: Whether or not the new operator is satisfactory is 
determined. If it is satisfactory then the control exits, and 
otherwise the control proceeds to the step S28. 

25 [Step S28] : p = P is checked. If p = P is not true, the control proceeds 
to the step S29. 

[Step S29] : After setting p=p+l, the control returns to the step 
S22, and the same process is repeated. 
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[Step S30] : Set p=l . 

[Step S31] : k = K is checked. If k = K is not true, the control proceeds 
5 to the step S32. If k=K, the control exits. 

[Step S32] : After setting k=k+l, the control returns to the step 
S22, and the same process is repeated. 

10 Let F 1 n*F 2 n be a group (plural equivalent groups exist) of 

new operators corresponding to F l ,F 2 of the original operation 
system, which are obtained by the result of the process shown in 
Fig. 11. These F A m^F 2 m are. operations (mappings) such as 
F\ ,F 2 n : B 3 xB 3 — » B 3 . The truth tables of those are shown in Fig . 12 

15 and Fig. 13. Also, Fig. 14 and Fig. 15 are the truth tables of the 
encoder and decoder for the encoding. 

The circuit diagrams of the circuits composed by the logic 
composing software product from the truth tables of Fig. 12, Fig - 13 , 
20 Fig. 14, Fig. 15 are shown in Fig. 16, Fig. 17, Fig. 18, Fig. 19 
respectively . 

Here, the flow of the new operation system determination 
of Fig. 11 is described. In the example 1, the encoding is of a 
25 non-redundant encoding type, and the encoder O is a isomorphic 
mapping. It corresponds to the replacement among 8 elements (data) 

on B 3 . The number of the replacements are 8 ! . Let P=8 ! . The P 
replacements are numbered. Since both of the original addition 
and the addition of the old operation system are binary operations 
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on B 3 , they are treated same as each other. The replacement is 
applied to the input tree bits and output three bits. Fig. 13 shows 
the replacements in the order of input. This is the truth table 
of the new operator for the pseudo addition produced by the encoding 
5 (replacement) . The original pseudo multiplier is not directly 
extended to the old operation system. Differently, a candidate 
of the pseudo multiplier of the new operation system is outputted, 

and it is applied by the inverse replacement O 1 corresponding 
to each code to generate the pseudo multiplier of the old operation 

10 system corresponding to the candidate, and then the corresponding 
portions are matched to the truth table of the original multiplier. 
That is, the accordant candidate of the pseudo multiplier of the 
new operation system corresponds to what is encoded from the pseudo 
multiplier of the old operation system which is extended from the 

15 original operation system. 

For the example described above , itisseen from the compar i son 
of Fig. 9 and Fg.16 in connection with the pseudo multiplier, and 
from the comparison of Fig. 10 and Fig. 17 in connection with the 

20 pseudo addition, that the circuitry of the operators of the new 
operation system is extremely simplified. Further, let □ be the 
number of NOT (inverter) elements and □ be delay time for evaluating 
the concrete advantages. Then, the element numbers and the delay 
times of the critical paths of F\F 2 ,F l N y F 2 N are denoted with 

25 □ * , d 2 , CI 1 *, d 2 N , and A 1 , A 2 , AV , A 2 ^ . The element numbers 
and the delay times of the critical paths of are denoted with 

□ 0 , CHy , and A^ , Ay . Then the element number to delay time table 
of the example is shown as Fig. 20. In this figure, the element 
number and the delay time of a two input AND gate and a two input 
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OR gate which are a general gate are 2D, 2D, and the element number 
and the delay time of a two input EXOR gate are 4D, 3D. 

Further, hardware implementation of pseudo product sum 
5 operation of (58) is illustrated below. 

Let consider that the pseudo product sum operators of the 
original operation system and the new operations system both are 
configured from the dedicated product sum circuit arranged in a 
10 tree structure as shown in the tree structure product sum operator 
block diagram of Fig. 21, in which the multipliers marked with " * " 
are provided with the pseudo multipliers and the adders marked 
with " + " are provided with the pseudo adders. Then let evaluate 
these pseudo product sum operators. 

15 

Fig . 21 is a block diagram corresponding to (58) with K = 8 = 2 3 . 
When K-2 L (L is a natural number) , the multipliers denoted with 
"*" are arranged in parallel by 8, the adders denoted with ";" 
following the output of those multipliers are connected at each 

20 stage by 2 L_1 , 2 L ~ 2 2 , 1 to form a tree structure . Let denote 

the element number of the multiplier marked with the symbol "*" 
by , and denote its delay time by A* , also, the element number 
of the adder marked with the symbol " + " by □+ , and its delay time 
by A + . 

25 (59) The element number of the product s urn operator = 2 L 0*+(2 L — l)-d + 
(60) The delay time of the product sum operator= A t +I-A + 

When ^=8 = 2 3 ,the element number of the original operation system 
is 2325D, and that of the new operation system is 100100D, and 
the delay time of the original operation system is 100D, and that 
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of the new operation system is 21D. Considering only the pseudo 
product sum operators, the element number of the new operation 
system is about 1/23 of the original operation system, and the 
delay time of the new operation system is about 1/5 of the original 
5 operation system. 

Practically, the new operation system should be evaluated 
together with the encoder and decoder. 

10 The numbers of encoders and decoders can be implemented 

variously. Here let evaluate them with the circuit shown in Fig . 22 . 

Fig. 22 illustrates an implemented circuit of the encoding 
operation method of the invention, in which an encoder O is 

15 provided for each of the 2K = 16 pieces of input data X x 7 Y X X B9 Y S , 
which are then translated into new representation data . The pseudo 
product sum operator of the new operation system configured as 
in Fig. 21 calculates the product sum operation result Z' as new 
representation data, which is in turn translated by the decoder 

20 *F into the pseudo product sum result Z of the original operation 
system to output it. This circuit A is shown as a black box, and 
has the same configuration and functions in the same manner as 
in Fig. 21 to receive X x , Y x , • • X s , Y % and calculate Z. The element 
number is 467D, and the delay time is 36D. Both are reduced to 

25 a large extent. 

As described above, according to the encoding operation 
method, not limitedly for closed operation systems but broadly 
for general operation system (original operation systems), an 
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operation device whose element number and delay time are reduced 
can be realized. While the example shows the configuration with 
the base number r = 2 , the encoding operation method for multi value 
logic can be basically realized with the same flow. 

5 

The flow of Fig. 11 shows only one algorithm of the logic 
design based on the invention, and there are many modified 
algorithms . 

10 Also, the configuration of the tree structured product 

sum operation block diagram shown in Fig. 21 in not limited 
to the pseudo product sum operation and can be applied for 
example to such a operator as performing a floating point 
operation, and Fig. 22 can also show broadly a whole operation 

15 device having one or more encoders, one or more decoders, and 
one or more operators. 

Also, an operation device can be realized which has CPU or 
a data control unit, and in which operation results by one or more 
20 new operators are stored in a memory still as new representation 
data without being transformed by the decoder, and are placed with 
other new representation data produced by one or more other 
calculation processes to be calculated following the calculation 
procedure . 

25 

[Example 2] 

Next, an example with the original operation system having 
only 2 unary operations G 1 , G 2 as defined on B 2 is illustrated 
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such that the logic function design method using a generating 
function can be easily understood. Fig. 23 is truth tables of G 1 
and G 2 . These unary operations G 1 and G 2 are mapping such as 
G\G 2 : B 2 B 2 . Let write component functions by g ] o(X) , g\(X) , and 
5 g 2 o(X) , g 2 \(X) . From the truth tables, g l o(X) = x x , g\ (X) = X } • X 0 , and 
g 2 o(X) = JCj • X 0 , g 2 \(X) = Xj • X 0 . The element number and delay time of 
G 1 are 2D, 2d, and the element number and delay time of G 2 are 
5D, 3D. Also, the generating functions G\Y y X) and G 2 (Y,X) of 
G 1 and G 2 are, from the definition equa tion ( 1 6 ) , as follows: 

G 1 (7, jo = (*> • (*) ^ • ?oW) • (y, - ^i W ^ * • s^W) 

10 (61) =(j> 0 •x 1 ojv^OO'i -x, -x 0 ^.y, -x, -x 0 ) 

Likewise , 

(62) G 2 <7,^) = r° -jsr° ^r 1 -x 2 ^jY 2 x 3 

Fig. 24 shows these generating functions as Boolean value 
15 matrices . 

The original operation system can not be further simplified 

by encoding with isomorphic mappings on B 2 . Then, in the example 
2, the new operation system is designed with three bit redundant 
20 encoding without non-code. Since when there is non-code, the 
characteristic logic function of the encoding domain c(X') ( X' G B 3 ) 
is c(X') = l, the relation equation (1-b) between the encoder and 
the decoder is transformed to the equivalent equation as follows: 
¥(X, X') ■ ®(X\ X) = $>(X\ X) 

(63) 

om(X y X')><l>(X\X) 



25 
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From (63) and (2-b), the encoding design problem is equivalent 
to a box packing problem, considering ^(X^X') corresponding to 
each of four types of J as a box in which eight types of miniterms 
are placed, to put the miniterms in the boxes so that there is 
5 no duplication and there is no empty box . When one way of box packing 
is determined, one of ^'(X^X') is correspondingly determined. 

Also, the corresponding expression of (3-b-l) can be 
transformed to the following equivalent expression: 

G q o(Y 9 X) G q N (Y\ X') • Y ') • <¥(X, X') = 0 (Y'eB\q = 1,2) 

o G q o C¥(X'), ¥(7 ')) • G q N (Y\ X') = 0 
10 (64) _ _ 

o G q N(Y\X') < G q oQV{Y f \ x ¥{X f )) 
oG q N(Y\X')<\J{jG q o (Y, X) ■ Y ') • ^{X, X') 

¥ X 

Further, (3-b-2) is always satisfied when c(X') = 1 . Thus, 
in the example 2, according to the flow of Fig. 25, two unary 
operations are generated in the order of simplicity with the 
15 simplest first, and it is checked whether or not the final expression 
of (64) is satisfied. And in that manner, the operation system 
is determined. 

The flow of Fig. 25 is as follows: 

20 

[Step S41] : A simple new operator candidate is generated. 
[Step S42] : The generating function of the operator is configured. 
25 [Step S43]: Codes are generated by the box packing. 
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[Step S44] : The satisfaction of the equation (64) is checked. Upon 
satisfaction, the control exits, and otherwise the control 
proceeds to the step S45. 

5 

[Step S45] : It is checked whether or not all codes are generated, 
and if yes, the control proceeds to the step S46, and otherwise 
the control returns to the step S43 and repeats the same process . 

10 [Step S46]: A next new operator candidate is generated and the 
control returns to the step S42, and repeats the same process. 

The result of the flow of Fig. 25 is: 

(65) { ¥(x 9 x') = x° -x' 6 ^jx x x t2 ^x 2 -(x'° urV^ 3 -^' 1 ^x' 1 ) 

15 

That is, for the encoding corresponding to the box packing 
such as one miniterm X' 6 is placed in the box ^(O, X') , one 
miniterm J' 2 is placed in the box *F(1, X') , two miniterms X'° and 
X fA are placed in X F(2, Jf') , four miniterms X n , X' 3 , X' S , X' 1 are 
20 placed in the box ^F^X') , the unary operations G 1 n and G 2 n of 
the new operation system satisfying the bottom expression of (64) 

is obtained whose component functions are g X no(X') = x' Q , g l N\(X f> ) = x' 0 , 
g l N2 (X') = x[, g\o(X') = 0, g 2 m(X') = l^, g\ 2 (X') = x]. 

25 The element number and delay time of GV are □, □, and the 

element number and delay time of G 2 n are 2D, □, and accordingly 
reduced to a large extent in comparison to G 1 of the original 
operation system. Note that, in this case, every generating 
function satisfying the equation (63) becomes a generating 
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function of the encoder. For example, the following is an example 
of the generating function of the encoder : 
(66) 0(X\ X) = X' 6 • X° ^ X' 2 ■ X ] ^ X'° • X 2 o X n • X 2 

5 Here, verifying that the *P and G 1 n satisfy the equation 

(64), the left side of (64) is: 

= Y' 2 -X'° ^Y n X n kjY' 6 X' 2 ^r 5 X n ^>Y' 2 X' 4 ^>Y n • X' 5 ^Y' 6 -X' 6 kjY' 5 • X' 1 
On the other hand, from (61) and (65), the right side of 

10 (64) 
is : 

(J (JG 1 (X,X) ■ W(Y,Y') ■ X') 

Y Y 

= ¥(0, Y') • ¥(0, X') ^ ¥(0, Y') - <F(1, X') ^ <F(1, 70 • T(2, X') ^ ¥(3, F ') ■ <F(3, X ') 

= Y' 6 -X' 6 ^Y' 6 X' 2 kjY' 2 -(X'° ^X' 4 )^j(Y n ^7' 3 k^Y' 5 ur 7 )-(I' 2 ^jX' 3 ul' 5 ^X' 7 ) 

Thus, the equation (64) is clearly satisfied. 

15 Now, let illustrate the topology of the relation between 

the input and output of data of the operators of the example 2 . 
Fig. 26 illustrates the input/output topologies of the original 

operators G 1 and G 2 . Let consider G 1 . In Fig. 23, G 1 receives 
0 = (0,0) and outputs 0 = (0,0) , and receives 3 = (1,1) and outputs 
20 3 = (1,1) . The input and output relation in connection with 0 = (0,0) 
and 3 = (1,1) is self loop as topologies. Also, Fig. 26 illustrates 
that the input 1 = (0,1) outputs 0 = (0,0) , and the input 2 = (1,0) 
outputs 1 = (0,1) . These topologies of the input/output relation 

completely correspond to the truth table. The same goes for G 2 . 
25 Fig. 27 illustrates the input/output topologies of the new 
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operators G 1 n and G 2 n in the same manner . The topologies of Fig . 2 6 
are verydifferent from those of Fig.27. But, based on the encoding, 

0 = (0,0,0) and 4 = (1,0,0) belong to the same code [2] on B 3 , and 

1 = (0,0,1), 3 = (0,1,1), 5 = (1,0,1), and 7 = (1,1,1) belong to the same code 
5 [3]. Let consider what are tied by the ellipses, as groups. Then 

the input and output relation among the groups is illustrated in 
Fig. 28. It is understood that the topologies of Fig. 26 and Fig. 28 
are of the same type. The essence of the redundant encoding is 
that the topologies of the new operators having the same codes 

10 tied are of the same type as the topologies of the operators of 
the original operation system. Accordingly, the new operators can 
be designed so that they have the same topologies of the old ones. 
Fig. 29 shows an example of the flow of determination of the new 
operation system using topologies (topology accordant new 

15 operation system determination flow) . This is not limited to r = 2, 
and is an efficient method for designing multi-value logics. 

The flow of Fig. 29 is as follows. 

20 [Step S51] : The topology of the input/output relation of the 
original operator (s) is formed. 

[Step S52]: A simple new operator candidate (s) is generated. 

25 [Step S53] : The topology of the input/output relation of the new 
operator is formed. 

[Step S54] : Codes are generated by the box packing. 
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[Step S55] : The topology tied by the codes of the input/output 
relation of the new operator with is generated. 

[Step S56] : The topologies pf the original operation system and 
5 the new operation system are checked for their type coincidence. 
If the types are same, the control exits. Otherwise, the control 
proceeds to the step S57 . 

[Step S57]: It is checked whether or not every code has been 
10 generated. If every code has not generated yet, the control returns 
to the step S54 and repeats the same process . If every code has 
been generated, the control proceeds to the step S58 . 

[Step S58] : A next new operator candidate is generated, and the 
15 control returns to the step S53 and repeats the process. 

As described above, the example 2 enables to design a new 
operation system based on the non-redundant encoding from the 
information of a original operation system by using the equivalent 
20 equations or relation to ( 1-b) , (2-b), (3-b-l), ( 3 -b- 2 ) s at i s f y i ng 
a generating function. Likewise, a new operation system can be 
designed from binary operations and T-nary operations of a original 
operation system based on (1-b) to (3-b-2) or the equivalent 
equations . 

25 

The description of the embodiments and examples is brought 
to completion. 
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It should be understood that the invention is not limited 
to the embodiments described above and can be modified in a variety 
of manners not departing from the sprit of the invention. 



